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Prevention of biofilm formation in dialysis water treatment Water treatment systems using reverse osmosis for
systems. removal of microbiologic and chemical substances have
Background. Biofilm formations in dialysis systems may be long been used in the production of purified water [bacte-
relevant because they continuously release bacterial compounds
rial count below 100 colony-forming units (CFU)/mL] [1]and are resistant against disinfection. The aim of the study
for pharmaceutical purposes and for dialysis therapy. Awas to compare the development of biofilm between a water
point of concern in water treatment systems is the re-treatment system based on a single reverse osmosis unit produc-
ing purified dialysate water [bacterial count, 350 colony-form- ported state of contamination and the development of
ing unit (CFU)/L] (center A) and a water treatment system biofilm, consisting of a fibrillar meshwork of polysaccha-
based on double reverse osmosis and electric deionization, which rides, trapped with microorganisms [2, 3]. The presence
is continuously disinfected with ultraviolet light and treated with of biofilm is of great importance because of the continu-ozone once a week (bacterial count, 1 CFU/L) (center B).
ous release of bacterial components and the resistanceMethods. During a period of 12 weeks, biofilm formation
of biofilm against disinfection procedures [3]. Moreover,was studied in the tubing segment between the water piping
and the dialysis module, using four dialysis monitors in each with regard to dialysis therapy, the constant state of con-
center. On a weekly basis, tubing samples of 5 cm length (N  tamination in the water treatment system has been associ-
96) were taken under aseptic conditions and investigated for ated with the chronic state of inflammation present in
microbiologic contamination [cystine lactose electrolyte-defi- many dialysis patients [4].
cient (CLED) Agar], endotoxin levels [limulus amoeben lysate
Despite preliminary evidence from uncontrolled re-(LAL) gel test, cutoff value, 0.0125 EU/mL], and biofilm forma-
ports [5], it is not well known whether a water treatmenttion [electron scanning microscopy (SEM)].
system that produces higher quality water (i.e., highlyResults. In center A, tube cultures were positive (100 CFU/
mL) in 16% of samples at 22C and 37C, compared to 3% of purified water with a bacterial count below 10 CFU/100
samples of center B (P  0.05; chi-square). Endotoxin levels mL) [1] and is treated with regular disinfection is able
were positive in 76% of the tubing samples of center A and to prevent the occurrence of biofilm and reduce the state
negative in all of the samples of center B (P  0.05). Biofilm
of contamination. The aim of the present study was towas present in 91.7% of the samples of center A (Fig. 1), and
compare biofilm formation between two water treatmentonly present in one sample (taken after 9 weeks) of center B
systems, one based on reverse osmosis, which is designed(P  0.05) (Fig. 2). In center A, biofilm formation was already
observed after 1 week. to produce purified water, and another system that is
Conclusion. In contrast to a standard water treatment sys- designed to produce highly purified water and is also
tem producing purified water, the use of a system producing treated with regular disinfection procedures.
highly purified water, which is also treated with regular disinfec-
tion procedures, leads to a significant reduction in biofilm for-
mation, bacterial growth, and endotoxin levels in a highly vul- METHODS
nerable part of a water treatment system.
Water treatment systems
The first of the two water treatment systems, which was
Key words: biofilm water treatment system, hemodialysis. constructed in 1992, included a single reverse osmosis
unit and was not routinely disinfected but able to pro-Received for publication June 4, 2002
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Netherlands); 0.2 micron membrane, culture tempera-
ture 22C], whereas the second water treatment system,
which was constructed in 1996, included a double reverse
osmosis unit and electric deionizer [6], was continuously
disinfected by ultraviolet light, disinfected weekly with
ozone (center B), and was able to produce highly purified
water (bacterial count, 1 CFU/L).
Assessment of biofilm
Biofilm formation was studied in the tubing segment
between the water piping and the dialysis module, using
four dialysis monitors in each center. This segment was
chosen because it is not included in a disinfection proce-
dure of either water treatment system or dialysis module
Fig. 1. Example of biofilm in a tubing segment of center A, taken afterand therefore particularly vulnerable for bacterial con-
12 weeks. Magnification 400; scanning electron microscopy (SEM).tamination. The tube from which the samples were ob-
tained was airtight, from the type filclair (Acess; Roosen-
daal, The Netherlands), with a diameter of 0.9 mm. The
total length of the line was 5 m. Samples were taken from plater and compared to that of the overnight culture.
the part between the external pressure reductor and the The number of microorganisms recovered was of the
monitor inlet. same order of magnitude as those inoculated on the
The primary outcome variable was the presence or
inner surface of the tube.
absence of biofilm in this segment, assessed by scanning
Culture of biofilm. In order to compare the CLEDelectron microscopy (SEM), whereas cultures and endo-
Agar and the Reasoners (R2A) medium in the assess-toxin levels of the tubing segments were used as confir-
ment of bacterial growth, a McFarland concentration ofmatory techniques.
0.5 from E. coli, Pseudomonas aeruginosa, and S. aureusDuring a period of 12 weeks, tubing samples of 5 cm
was diluted by 1/100,000 and 1/1,000,000. A total of 100Llength (N  96) were taken on a weekly basis under
of these samples were spread in duplicate onto a CLEDaseptic conditions. The whole inner surface of the tubes
and R2A plate at 22 and 37C and incubated for 48 hours.was sampled using a sterile cotton swab. The swab was
For E. coli, a mean of 221 and 302 CFU/mL was readput into 2 mL sterile NaCl 0.9% and thoroughly vor-
with CLED at 22C and 37C, respectively, whereas withtexed, and 100 L of this solution was spread onto a
R2A, the respective numbers were 465 and 446 CFU/mL.cystine lactose electrolyte-deficient (CLED) Agar plate.
For P. aeruginosa, a mean of 64 and 73 CFU/mL wasAfter incubation for 48 hours at 37C and 22C, the
number of CFU on the Agar plate was counted and iden- read with CLED at 22C and 37C, respectively, whereas
tified using the API-20 system (BioMerieux, Marcy l’E´t- with R2A, the respective numbers were 231 and 261
oile, France). The incubation period of 48 hours was CFU/mL. For S. aureus, a mean of 81 and 59 CFU/mL
chosen for practical reasons. Endotoxin levels were de- was read with CLED at 22C and 37C, respectively,
termined in the water that was present in the tubing whereas with R2A, the respective numbers were 65 and
segment [limulus amoeben lysate (LAL) gel test; cutoff 71 CFU/mL. Results at 72 hours did not differ from those
value, 0.0125 EU/L]. In addition, at equal periods in obtained at 48 hours.
time, tubing segments were prepared for SEM. Air-dried
tubing was cut into pieces and sputtered with gold. The
surface was studied by SEM (Philips XL 30, 10 kV, sec- RESULTS
ondary electrons; Eindhoven, The Netherlands).
In center A, tube cultures were positive (100 CFU/
mL) in 16% of samples at 22C and 37C, as comparedValidation of methods
to 3% of samples of center B P  0.05; chi-square).Removal of biofilm with cotton swab. Short sections
Endotoxin levels were positive in 76% of the tubingof a new tube were taken using a sterile scalpel and were
samples of center A and negative in all of the samplescut open longitudinally. The inside was inoculated with
of center B (P  0.05). Biofilm was present in 91.7% ofan overnight culture of Staphylococcus aureus and Esche-
the samples of center A (Fig. 1), and only present in onerichia coli. After drying at ambient air, the tubes were
sample (taken after 9 weeks) of center B (P  0.05)sampled using a cotton swab. The swabs were suspended
(Fig. 2). In center A, biofilm formation was already ob-in 5 mL saline, and, after vortexing, the number of micro-
organisms was determined quantitatively using a spiral served after 1 week.
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DISCUSSION
The main result of the study is the significant reduction
in biofilm formation by the use of more sophisticated
water treatment systems and/or by regular disinfection
of the water treatment system. The present study cannot
distinguish between the relative importances of either
factor, but merely shows that an adequate design and
cleansing of a dialysis water treatment system are rele-
vant in the reduction of biofilm formation. It is of interest
that biofilm formation could be significantly reduced in
a part of the system, which was not included in the regular
disinfection procedure. On the other hand, it was remark-
able that in the water treatment system producing the
water of a lesser bacterial quality, biofilm formation oc-
Fig. 2. Absence of biofilm in a tubing segment of center B, taken aftercurred very rapidly despite the fact that the level of con-
12 weeks. Magnification 408; scanning electron microscopy (SEM).tamination was not very high.
The system producing highly purified water consisted
of a double reverse osmosis unit in combination with an
ganisms appear to be involved in biofilm formation inelectric deionizer. This system is continuously disinfected
water treatment systems [2, 8], CLED Agar was used inwith ultraviolet light and periodically with ozone. It
the present study. Moreover, we could show that in anshould be mentioned that an improvement of dialysis
experimental setting, results for R2A and CLED Agarwater quality could be achieved by different methods,
were fairly comparable. It should also be mentioned thatof which the one described in the present study is only
the presence of biofilm by SEM, which can be consideredan example. Moreover, other disinfection methods, such
a standard technique in this aspect [3], was the primaryas heat, are also available in dialysis water treatment
outcome variable of the present study, whereas culturessystems. No comparisons have as yet been made regard-
and endotoxin levels were merely used as confirmationing biofilm formation between water treatment systems
techniques.with respective heat or ozone disinfection.
The clinical consequences of the present study remain
to be elucidated. Nevertheless, it should be mentioned CONCLUSION
that biofilm, once formed, is notoriously difficult to re- In contrast to a standard water treatment system pro-
move [3]. Moreover, biofilm formation may be extended ducing purified water, the use of a system producing
beyond the water treatment system into the dialysis mod- highly purified water, which is also treated with regular
ule [2]. In a recent study, neither heat nor chemical disinfection procedures, leads to a significant reduction
disinfectants were able to eradicate biofilm, which was in biofilm formation, bacterial growth, and endotoxin
formed by contamination of a dialysis monitor with P. levels in a highly vulnerable part of the system.
aeruginosa (abstract; Di Felice et al, Blood Purif 20:504,
Reprint requests to Jeroen P. Kooman, M.D., Department of Internal2002). Thus, it appears thus be prudent to make an at- Medicine, University Hospital Maastricht, PO Box 5800, 6202 AZ Maas-
tempt to reduce biofilm formation as much as possible. tricht, The Netherlands.
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